A new multipurpose wind tunnel with adjustable test section designed in the science and research branch of Islamic Azad University site could be used either as the environmental, subsonic or climatic wind tunnels. For this purpose, a new design approach was adopted in which through the adjustment of the wind tunnel cycle, i.e. the nozzle of test section,it could be utilized as any of the three wind tunnels. A design used for environmental wind tunnels and other contraction which was adjusted by 50 % through changes in the polynomial contraction for other applications. As a result, the best fitted profile for the environmental wind tunnels contraction was selected by contraction best fit program. Consequently, the flow properties and flow separation of contractions were analyzed by the computational fluid dynamics model in a computer software. This method is also suitable for existing low speed wind tunnels with special applications.
INTRODUCTION
Wind tunnels are used in many engineering and environmental applications as a key tool in understanding the problems associated with aerodynamics and transport phenomena (Bienkiewicz, 1996) . The dispersion of pollutants over industrial and residential areas, the impact of lift or drag on various structures and wind loads on civil installations are examples where wind tunnel simulations can be used to understand and control the related problems (Kong and Parkingson, 1997; Cermak and Takeda, 1985) .
This study introduces a new multipurpose wind tunnel with an adjustable test section designed for environmental, subsonic and climatic studies at Science and Research Branch of Islamic Azad University.
The main application of this apparatus is for the environmental wind tunnel (EWT) studies.The length and the width of the test section are 28 m and 2.5 m, respectively. The height of the mounting turntable varies from 1.5 m up to 2.2 m. It could also be used as a subsonic wind tunnel (SWT) or a climatic wind tunnel (CWT) if the dimensions of the test section change to 1.5 m × 1.5 m or 2.28 m × . 2.2 m, respectively. One of the characteristic features of this tunnel is the contraction nozzle which length is 7.3 m. In order to change the wind tunnel application, a new method is introduced for changing the fraction part of contraction and the test section of wind tunnel.
Wind tunnel design features
In this section, the wind tunnel design features (Pankharst and Holder, 1952; Bradshaw and Pankharst, 1964; Rae and Pope, 1984; Barlow et al., 1999) of all EWT cycle were discussed. The SWT and CWT cycles are the same as EWT for most parts except for some parts of test section and nozzle.
Test section
In the EWT ceiling and floor, some provisions were made for illumination and a turn table were installed in the floor of the test section. The turntable was driven by a motor and the yaw angles could be measured easily. The roof had special exchangeability since a rain generating system and a sun simulator were installed in two alternative roof sections.
At the end of the test section, an open area was designed to generate the rain. It was suggested by Barlow et al., 1999 to use wind tunnel in its open cycle for this purpose. For producing water droplets of a certain size distribution, a preparation chamber above the tunnel was required. The final size distribution was determined after the droplets passed through the mixing zone between the exit edge in the roof and a collector at the downstream end of the roof opening section.
The long roof section of EWT was designed to allow a sun simulator installation as a replacement for standard roof section. Using two types of lamps, the light power could be controlled in the range of 600 to 1200 watt/sq.m.
Considering the atmospheric boundary layer (ABL) depth in the range of 300-500 m, choice the minimum boundary layer thickness of 0.5 m for the clean tunnel configuration (smooth boundary and no initial momentum sinks) (Cook, 1982; Hughes and Bohm, 2000) results in a practical range for the model length scale of 1:600 to 1:1000. A boundary layer wind tunnel (BLWT) designed to achieve this flow condition is extremely versatile in practice, since much thicker boundary layers will be develop over a rough boundary with or without initial momentum sinks (Cermak et al.,1995; Schatzmann et al, 1995; Garg et al., 1997) .
The required test section length for neutral flow can be estimated (for the clean configuration and zero pressure gradients) using the Schlichting, (1960) equation as follow:
Eq. 1 was used to calculate a test section length of approximately 27.4 m for δ = 0.5 m and U 0 = 2 m/s for the EWT. The test-section height for EWT had a nominal dimension of 2.2 m to accommodate the required boundary layer thickness before interacting with the roof boundary layer. Thus, the reference "long" EWT has a test-section length-to-height ratio of 14 (Cermak, 1982) .
In EWT, a boundary layer with a typical depth of 0.5 m to 1 m is developed naturally over a rough floor of 27.4 m in length. Installing the passive devices at the test section entrance, the depth of the boundary layer can be increased. Such an artificial increase may be necessary, particularly in flow simulations over the ocean or over terrain with low or moderate roughness (White, 1996) . The height of the tunnel may be adjusted to be increased slightly with downstream position. The purpose of such an adjustment is to achieve a zero pressure gradient stream wise which would otherwise be impossible owing to energy losses associated with flow friction at the walls and with internal friction due to turbulence.
However, for air pollution applications, the temperature structure of the boundary layer is an essential factor. The heating/cooling of floor and roof of the EWT test section is added to obtain a desired thermal profile at the model mounted section of the wind tunnel. The dimensions of the test sections entrance for SWT and CWT are 1.5 m × 1.5 m and 2.28 m . × 2.2 m, respectively. .
Corners
Investigation of the relation between the resistance and the design of a corner shows that a corner may be designed to achieve a low resistance without the use of guide vanes (Friedman and Westphal, 1952; Nouri, 1989) . The wind tunnel corners are rounded and high values will be chosen for both the ratio of curvature radius to the duct width and the ratio of height to width (Collar, 1936; Lindgren et al., 1998) .
The first and second corners (Fig. 1) are located exactly after test section and after first leg, respectively and are essential due to higher speeds compared to two other corners.
The first and second corners include 15 and 19 corner vanes, respectively with 0.5 m cord lengths and 0.236 m space between them with 535N lift and 270 Nm leading edge momentums. The third and fourth corners are the same and include 25 corner vanes with 0.78 m cord length and 0.368 m space between them with 240N lift and 9.7N-m leading edge momentums. Table 1 and Fig. 2 depict the corners camber profile.
General specifications of EWT
The global feature of EWT is shown in Fig. 1 . In addition, the summery of EWT dimensions and parameters are presented as follows: Velocity = ~ 0 to 30 m/sec Width = 2.5 m Flow quantity = 165 cum/sec First corner width = 2.5 m First diffuser divergent angle (degree) = 2.9 Return diffuser divergent angle (degree) = 3.5 Third corner width = 6.47 m Total wind tunnel width = 15.1 m First diffuser length = 5.8 m
Polynomial contraction
Over the years, many authors have been interested in methods of designing low speed wind tunnel contractions (Jordinson, 1961; Morel, 1975; 1977; Downie et al., 1984; Vieira and Aparecido, 1999) . In this case, several desirable characteristics of the wall profile are identified. The results were expected to be th e most favorable combination of flow uniformity, thin boundary layer and negligible losses. A fifth order polynomial (Bell and Mehta, 1988) satisfies the condition of zero, first and second derivatives at the inlet and outlet. Normalizing the length of this polynomial is as follows:
Where, L is the total length of nozzle;h is the height of the nozzle at x position and h i and h o are the heights of the contraction wall from its center line at the inlet and outlet, respectively.
Transformation of Eq. 2 (Brassard and Ferchichi, 2005) with reference to its first and second derivatives is as follow:
Where, α is a constant value or the function of ξ in which 0 < ξ < 1.
In this study, Eq. 2 is used for EWT contraction as the main application and Eq. 3 for adjusting the nozzle length by 50 % for the other applications. 
CBP computer program
Contraction best fit program (CBP) is a C++ computer program that is written by authors to find the best fit between two polynomial contractions with different outlets. The input data to the program is polynomial contraction with inlet, outlet and length geometries and also the desired new outlet geometries.The output of the program would be the best fit polynomial derived from Eq. 3 with selection of α as a parameter. The length and polynomial fit depend on the level of selected tolerance. It is recommended to use the lowest possible tolerance in reference to the total scale of the contraction.
Corner # 3,4 (y) 
Wind tunnel systems EWT contraction
The shape of test section is rectangular and the flow properties are of the utmost importance in its performance (Al-Nassar et al., 2002) .
The 3D rectangular contraction is developed with a length of 7.3 m for EWT using Eq. 2. The EWT contraction profile is presented in Table 2 . Contraction roof and wall of the EWT is derived from separate boundary conditions in the Eq. 2 as shown in Fig. 3a 
MATERIALS AND METHODS
The identification of contraction's flow properties is highly important (Sargison et al., 2004) .
For this reason, a 3D grid generation of contraction profile is prepared and solved by computational celloid dynamic (CFD) method in computer software (Fluent). The contraction profile schemes shown in Figs. 3 a, b Table 3: SWT contraction profile and c are the pressure and velocity vectors of EWT, respectively. In Fig. 4 the total schematics of EWT and its nozzle application are shown from two different views.
SWT contraction
For subsonic wind tunnel test section, cross section of contraction outlet was 1.5 m × 1.5 m. This wall profile is the same as EWT. The profile dimensions are shown in Table 3 :
As illustrated in Fig. 5 , first portion of the SWT roof profile exactly fits the EWT roof profile. This portion is about 50 % of contraction length (3.6 m of 7.3 m of total contraction length). Thus the SWT contraction profile is as follows: means that the wall profile was the same as the profile of EWT (wall profile of EWT is from 5.82 m to 1.5 m), but the roof profile had to be accommodated to 1.5 m If Eq. 2 was used to develop the roof profile, the whole contraction could be changed for SWT application. Changing the tunnel contraction completely and replacing it with another suitable contraction for subsonic usage is rather difficult.
Thus, it is logical to replace a portion of EWT nozzle and adjust part of the test section to make it suitable for subsonic usage. Through this process, Eq. 3 is used in CBP computer program for selecting the best fitted profile for SWT contraction. The contraction roof profile of subsonic wind tunnel is obtained using 
Computational modeling
As it was discussed earlier, the flow properties of contraction are identified through the preparation of a 3D grid generation of contraction profile and their subsequent calculations by a CFD method in Fluent.
The contraction profile scheme illustrated in Figs. 6a, b and c are the pressure and velocity vectors of SWT contraction, respectively.
The total schematics of SWT test section and nozzle application are shown in Fig. 7 
CWT contraction
In contrast to SWT application, the roof profile of the contraction in the CWT process is the same as EWT and only the wall profile should be determined.
Similar to the above-mentioned discussion, CBP program for the CWT with α = 7 is a good selection for (Table 4) . Fig. 8 indicates that the first portion of the CWT wall profile fits exactly on the EWT wall profile. Thus, in the same manner, this portion is designed to be about 50 % of contraction length (3.6 m of 7.3 m of total contraction length) for the SWT application. Therefore, the CWT contraction profile can be shown as: 
Computational modeling
The CWT grid generation on contraction profile scheme shown in Figs. 9 a, b and c are the velocity and pressure vectors for EWT, respectively. Fig. 10 shows the total schematics of CWT test section and nozzle configuration.
RESULTS AND DISCUSSION
In the subsonic regimes inside a contraction nozzle, the possibility of air flow separation increases with reduction of air flow velocity (Bell and Mehta, 1998) .
Figs. 3b, c; 6b, c and 9b, c show the lowest contraction entrance air flow speed (2 m/s or less) to check the possibility of separation in the contraction walls. Fig. 11-13 indicate that there is no negative shear stress in the contraction walls with such a low speed. Obviously, such a low speed flow is only used in EWT process and is rarely applied in CWT and SWT. In this paper, several outlet geometries of the contraction are discussed and the proposed technique is also suitable for the existing wind tunnels.The presented technique helped to design a multipurpose wind tunnel with adjustable test section. A CBP (contraction best fit program) and a CFD technique were outcome of this research and can be used to design similar type of tunnels. The wall shear stress distributions computed along the curved wall of the same contraction section are shown in Figs. 11 up to 13. Initially, the shear stress decreases in the inlet region. This is soon over-whelmed resulting in an increase in shear stress and improvement of boundary layer attachment. The shear stress remains well positive throughout the contraction indicating that separation is not predicted for this particular design. In order to validate the proposed computational scheme, the boundary layer properties in three contractions were compared with the measurements presented by Belland Mehta (1989) . The wall shapes for the three contraction sections are plotted in Figs. 3, 6 and 9. For all three contraction shapes, the computations predicted an attached boundary layer along the entire length.
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